Substances cryoprotective for Vibrio cholerae were detected from prawn shells immersed in phosphatebuffered saline. This cryoprotective activity was heat resistant and sensitive to treatment with trypsin. For the exhibition of its full activity, the presence of Mg ion was indispensable. The cryoprotective activity of this substance was more active than that of other known cryoprotectants, like glycerol or serum.
Cholera is a typical food-and water-borne diarrhea infection. In Japan the cholera vibrio is not generally isolated from the occur mostly as a result of consumption of imported seafoods contaminated with cholera vibrios. Lobsters (5), prawns, shrimps, and turtles (H. Abe, S. Ichiki, T. Hashimoto, and A. Kitada, Abstr. Annu. Meet. J. Jpn. Assoc. Infect. Dis. 57:(Suppl.)137, 1983) have been reported to be the seafoods that are most frequently contaminated with cholera vibrios.
Cholera vibrios are known to be quite sensitive to low temperatures (11, 14) . Previously, we have reported (1) In addition to the PSE, the materials associated on the outer surface of the shell were removed by scraping the surface with a metal spatula. These materials were suspended in PBS and were used for the assay of cryoprotective activity after insoluble materials and contaminating bacteria were removed by centrifugation and filtration through a membrane filter. The viscous substances thus obtained were dissolved in PBS. This extract was termed the S extract.
The assay of cryoprotective activity was carried out as follows. A bacterial suspension (0.2 ml containing 4 x 108 CFU/ml) was mixed with 1.8 ml of PSE, S extract, or PBS as a control. The mixture was then distributed into 10 small test tubes and kept in a freezer at -20°C. Samples were taken at various times, thawed at room temperature, diluted with PBS, plated, and incubated at 37°C for 24 h on nutrient agar plates to determine colony counts. The survival rate was expressed as the percentage of viable cells counted before freezing.
At -20°C V. cholerae Kisumu 16 suspended in PBS was gradually inactivated, and within 5 days the activity became undetectable (Fig. 1) . In the presence of PSE, however, the organisms survived for more than 20 days, suggesting the presence of some cryoprotective substance in the PSE. Almost the same result was obtained from the experiment with the S extract.
By diluting PSE with PBS, the protective activity was decreased proportionally to the dilution, and in the 1,000-fold dilution the activity reached the same level as that in PBS alone. The PSE was also cryoprotective for the other strains of V. cholerae of various biotypes and the other gram-negative bacterial species E. coli, S. marcescens, and P. aeruginosa (Table 1) .
The cryoprotective activity of the PSE was compared with those of other substances known to be cryoprotective. The cryoprotective activity of PSE was over 80 times higher than those of bovine calf serum, bovine serum albumin, glycerol, and dimethyl sulfoxide ( Table 2) .
To characterize the cryoprotective substance(s) in the PSE, its physicochemical properties were determined. The (1) Concentration of divalent cat ions (mM) Mg2+, to the dialyzed PSE. The restoration of the activity by these cations occurred even at a concentration of 0.1 mM, although only a small increase in the survival rate was observed at this concentration. An increase in the protective activity proportional to the concentration of the ion added was observed only with the Mg ion. At an MgCl2 concentration of 10 mM, the protective activity reached the level of that of the original PSE, whereas the Ca ion added as CaCl2 reduced the activity and at 10 mM completely inhibited it (Fig. 2) . This suggests that this material was not dialyzable but that the divalent cation is important for expressing the activity. Furthermore, since the substances were heat stable and sensitive to trypsin digestion, they could be proteins with low molecular weights. Our attempts to purify this proteins by gel filtration was not successful. The activity was eluted from a column in two peaks, and each fraction still contained many proteins of various molecular sizes. Studies of more complicated systems for purification are now in progress.
There have been many reports on the survival of cholera vibrios in the natural environment (4, 6, 10, 12, 13) . In nature, cholera vibrios are known to be associated with zooplankton or small animals (2, 3, 6-9, 13-15). As long as they are associated with such animals, they can survive for longer periods of time, even during the winter. It is very suggestive that the cryoprotective substances were extracted from a crustacean. The cryoprotective material is probably abundant on the shell surface and produces a convenient microenvironment for the survival of the bacterium in the natural environment.
